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^nn r^.^IIT.r. IHSECTj rTn^ COMPOSITIO!! 

The present Invention relates to nlcrocapsule 
insecticide conposltions whlcl> are stabilized against 
envlror.-ental desradatlon. 

Pyrethrolds. lncludlr.c both the naturally 
occurrlr^ compounds and their synthetically prepared 
analogs, are a veil known class of contact Insecticides. 
They have broad spectruo activity, that Is. they are 
effective in controlling a variety of peats such as house- 
flies, adsqultoes. cockroaches, etc. The, are not harrful 
to plants, food, anln^ls and humans and are consequently 
envlror^-entally safe (leaving no hamful residues).. 

Despite these highly favorable characteristics, 
pyrethrolds have had only limited usefulness because of 
their relatively short-lived ir.sectlc idal activity. Thl. 
13 due to their dccODPosltion into non-active, non- 
incecticldal products in the presence of oxygen and ultra- 
violet light. The speed of thl3 decomposition (or environ- 
mental degradation) is dependent upon the envirorx>ent in 
Which -.he pyrethrolds are placed but typical iv takes pl-ce 
in frcr. several nlnutes to several hours. Thus the useful- 
ness of pyrethrolds as Insecticides has been severely 
limited by their instability. 

tncapsulaticn of a variety =f active liquid sub- 
etanccs (including dyes. inks, chemical reagents. pMma- 
ceutlcals. flavoring, materials, pesticides, herbicides and 
peroxides) has been suggested to preserve then until 
released by crushing, melting, dissolving or otherwise 
rcr.ovir4; the capsule wall or until release by diffusion is 
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effected (see for example U.S. Patent 3.577,515). This en- 
capsulation per ae is not of great help in the delivery cf 
pyrethrolds, since they degrade almost as readily Inside 
the capsules as they do unencapsulated . 

Various specific attempts hav* been made to 
stablllze"^rethrold3, against environmental degradation. 
Thus, r.ntioxidants, biological synergists and photostable 
ultraviolet light absorbent compounds have been added to 
solutions of the pyrethrolds. Various solid carriers have 
also been used, such as gum arable, dextrin, gelatin, un- 
vulcanlzed rubbers. Inorganic powders, ar.d other polymeric 
products. These attempts have been at best only very 
moderately successful in reducing the degradation by atmos- 
pheric oxygen and ultraviolet radiation and extending the 

Insecticidal life of pyrethrolds. Furthermore, they leave 

behind unslg^ttly residues which arc difficult to remove. 

The- pyrethrolds are ^Iso easily dissolved and washed away 

by water rinsing (e.g. by rain) thereby preventing their 

tlr.ed release. 

^^p„ac.c.ord a n c e_„wl t h-_t h e_p r es.en t_i n v,e nU^ n.^the^ 

^rovj^d e d_tt_m l,c r_oc a ps u 1 e_i n s e c^t 1 c 1 

^ 1 c roc.apAu l.e.s^eac h„ha v^ng_a_p ol y ur^ea, a h e.U 

1 n t c gca_L.p_art_o_f_j a Id 

a^ spr bejit_^cOTpo^^^ lar e_x„U nc t ion~c oef_f ic lent 

from ac out 2 to 5 with respect t^^radlat Ion haying ^wavc 
1 t h 3_1 n_the^nange_o f_rr on^a b ou t_27_0. _t o_3 5 0_ n an qrnejt e r s 
and a liquid flli capable of slowly ^enneatlng-th^r-shr^^^ 
and co r:prlfllng_a. pyrxXhro^ld^and^BL^^^ 
therefor , 
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- -Preferably the entire microcapsule composition 

con,l5t. essentially of 60-90 percent of liquid flU and 

^0-10 percent of shell «tll. the llQuld fill comprising 

5-.0 percent of pyrethrold. 25-50 percent of biological 

5 synergist and 20-^0 percent of a water-lnn,l»clble organic 

solvent and the shell Including, -.s an In- ogral part thereof 

0.5-20 oercent of photostable ultravloV.-t light absorbent 

c.=«pound (all percentages being based on the weight of the 

erAlre microcapsule composition). 
,C ^5^e_-pyrethrd«-renalns-lnai-de-thennlc^^^^^^^ 

.w:ri-le^the-'coo>posltl^ 

a closed container duejto the -parHal pressure of the 
'^pyrcthrold^surrouMlnE.thern.lcrocapsules.. When.t-he- product, 
lsjpplled.-j»s.an- lnsectic:lder-the pyrethrold rel^^^^^^^^^ 
15 5.1ow.ly, (the actual speed o^ release depending upon the 

thickness and porosity of the capsule walls). The^-pyre- 
thr-old_ls-.che«lcaUy--Stabae.durlng-stori^e--an4,-a«er_ap 

ca.lon until lt„per.eates_the--capsule:«^^^^ At that time 
it t«o.,es available as an Insecticide until der.raded to 
,0 an inactive product. Since the fill permeates the shell 

wa' 1 slowly. thej-.icrpc^P-l^-Pr^J^-^ .Ms.a-long.effect Iv^e, 
lnA^tUldal..llfr. and^y _be storcd_ for .extended ^ periods 

( e . B • f qr__5_Bonth8^,.an_<L 

" The-lnventlon^alsolprovldes-^^^^^^ 

25 ^r.clllng_lns-.ct-pe.sts-:a-c.tl^^^^^^ 

v.K.h_^-an-eJ-r:ectlve^loy-lzO±.t^ 

irventlon. Contact may be .acco.r:Fllshed directly, for 
.^Ipl.' bv ato.i=aUon-o;^he-co.p.o.itlon^lnt^^^ 
^lr._tl>c-roi^-o.-a-spray-so-that-lt-co^ 
30 <j.-cctly-or tr.dtrrct-ly-by-appi-ylnr^^ 
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surfaces upon which the incccts alight or crawl. Alter- 
natively, compositions of the present invention may be 
provided In various other forms, for example in sheet 
materials carrying the microcapsules, (e.jr. tapes coated 
or iripregnated with the ir.lcrocapsuleo ) that nay be 
placed in areas where the Insects may alight or crawl. 
Moreover, animals infested wl^h insects, for example, 
dogs and cats infested with fleas and poultry infested 
with lice, can be treated by contacting the fur or 
feathers of the animal with the compositions of the present 
invintion thereby ending the insect infestation. Other 
methods of controlling insect activity with formulations 
of the present invention will be obvious as a result of 
this disclosure. 

The microcapsule insecticide cooposltlons of 
the present Invention are conveniently prepared by first 
dispersing a solution comprising the pyrcthroid, the 
biological synergist, n poly isocyanate and a water- 
Imr.isclble organic solvent In water by means of agitation 
and then adding a polyf unctional amine to the water phase 
while continuing agitation. The microcapsules are formed 
by interaction between the isocyanate and amine groups at 
the surfaces of the drops of che disperse phase. ^AnTranti- 
oxldan^t ^rul/or a Rhot08.table_ultraylolet__llgl^t"ab5orbenb 
comp ou nd ( s^omet imes- re f erred: tp-here in- as the Till 
^t aj3 llXai cr, ) ^ma y^a 1 so- b e~l n c l.uded _1 n Jt h e_ d 1 s p ers e_ph a s e 
soilutjon, 

A photostable ultraviolet light absorbent com- 
pound having a log molar ex inctlon ccefflclent of from 
about 2 to 5 with respect to radiation In the 270 to 3S0 
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nanometer wave Isricth range (sometlnea referred to herein 
as the shell stabilizer) Is included in the Initial charge 
or is added subsequently (as vill be explained) so thiit it 
becomes an Integral part of the shell wall. 

The liquid fill may be prepared by oiniple ad- 
mixture of the pyrcthrold, the organic solvent, the biolog- 
ical synergist and optionally the antioxidant and/or the 
fill Qtahilizer. 

There are a number of possible variations in the 
encapsulation process, although all depend upon the forma- 
tion of a fine dispersion of the liquid fill (containing 
the polylsocyanate) in water, for example by means of a 
high shear nixing apparatus (e.g. a blender). A suspending 
aid (e.g. the partially neutralized salt of polyacryllc 
acid such as sodium or potaoslum polyacrylate or sodium or 
potasslur. pclyr.ethacry la te ) is employed to prevent agglom- 
eration of the droplets of liquid. fill. When the dispersion 
has been eotnbliohed, a poly functional amine (preferably 
from atout 0.5 to 3 amine equivalents per isocyanat* equiv- 
alent, each primary or secondary anlne group being theoret- 
ically equivalent to one isocyanate grcup) is preferably 
adfled slowly and an organic polyurea microcapsule shell 
wall forms around each droplet of liquid fill. The shell 
wall Is insoluble In the liquid fill and the water thereby 
Isolating the liquid fill from the external environment. 
It dees, however, allow the pyrethrold to pcmeate It 
slowly thereby maintaining an effective level of insecti- 
cide upon the outer surface of the shell wall for extended 
periods of time. Typically preparation of the microcapsule 
compositions is carried out at from about 15**C.-50'C. 
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Preferably at least one qf_ the «hell wall react- 
ants is r.ore than blfunctional thereby introducing; a de- 
gree of crossllnking into the shell wall. Hovnver, bl- 
functional reactanta (e.g. toluene dllsocyanate and 
ethylene diamine) may also be used thereby resulting in 
a shell wall containing essentially no crossllnkinfr . 
Generally the ereater the der.ree of orosslinkinp; in the 
shell wall, the less permeable the shell wall is to the 
pyrethrold . 

The mlcrocapsulea obtained coapriae a distribu- 
tion of spherical capsules generally ranging from about 1 
to 100 microns, and preferably from about 1 to 30 microns, 
in diameter. Microcapsules having a nnrrow distribution 
of diameters nvay be obtained by adding the polyfunctional 
amine slowly, preferably in the form of an aqueous solu- 
tion. Larger and smaller capsules nay also be obtained, 
the larger* capsules being produced by low shear, and vice 
versa. 

The shell stabilizer is an essential part of the 
final microcapsules composition and is an integral part of 
the polyurca shell wall. This may be accomplished by a 
variety of chemical or physicochenical methods. For 
example: 

1. Reacting the shell stabiliter with available 
primary, secondary, or tertiary amine groups 
on the shei: wall by adding it to the dis- 
persion of the microencapsulated Insecticide 
composition. 

2. Prereacting the polyfunctional ar.ine with 
the shell etnblllrer. The resulting modified 
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polyfunctlonal amine Is added to the dla- 
persion of liquid fill containing the poly- 
iiocyanate and a polyurea microcapsule 
shell wall forma around eacn droplet of 
liquid fill. 
Suitable shell stabilizers for processes 1 and 
2 contain acidic reactive groups. The ajnount of amine 
functions added in each case Is preferably from about 1.1 
to 3 amine equivalents per laocyanate equivalent so that 
there will be excess amine available for reaction with the 
shell stabilizer (which takes about 5 minutes). 

3. Reacting the polyisocyanatc with the shell 
stablllrer before the polyisocyanate is 
included in the liquid fill which is dis- 
persed and reacted with a polyfunctlonal 
amine to fom the polyurea shell wall. 
Suitable shell stabilizer for process 3 contain 
active hydrogen. The amount of amine functions added in 
this case Is preferably from ab.out 0.5 to 3 amine equiva- 
lents ^cr isocynnate equivalent. 

h. The shell photostabl lizer nay also be 
physicochemlcally included in the shell 
wall by reacting, an amine with a shell 
stabilizer compound and the resylttnt 
co<Iificd amine coated onto o microencap- 
sulated insecticide composition. 
5. Another method of physicochenlcal inclusion 
Involves coating a microencapsulated Insecti- 
cide coxposltlon with polymeric materials 
and Inorpanic ools. 
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During microencnpst'la t ion and incorpoarnti on of 
the shell stabilizer and the pH of the dispersion of the 
reaction mixture is maintained at from about 7-8 to 
enable the suspending aid to prevent agglomeration of 
the droplets and ttie mic.'ocapsulea . 

Suitable pyrethroids for use in the liquid fill 
include both the naturally occurring pyrethrum este-s 
derived from the dried flower heads of Chrysaptl:-mum_ 
cinnernriaefoliiim and Chrvsanthemujn cocci net .1 and the 
synthetically prepared esters of chrysanthemic acid . 
Naturally occurring pyrethrum esters comprise the group 
including pyrethrin I, pyrethrin II, clnerin I, cinerin 
II. and jasmolin II. Synthetically prepared esters com- 
prise the group including allethrins, barthrin. dimethrin 
rcsmethrin, and te tramothrin , The pyrethroids used in 
the liquid fill nay comprise any of the naturally occur- 
ring pyrethroids, ^iny of the synthetically prepared 
pyrethroids, or combinations of two or more of either or 
both types. A solution of a combination of PiituraUy 
occurring pyrethroids in deodorized kerosene which is 
commercially available under the trade designation "Pre- 
mium Pyrocidc 175'* *from McLaughlin Gormlcy King Co. of 
Minneapolis. Minnesota is suitable for usj in the present 
i fiven t i on . 

The synthetic pyrethroids In pure form are cryst- 
ulline materials which are capable of being dissolved 
in w.ittM' irvnisclble organic solvents. Thus the micro- 
capsule comport it ions of the invention m;iy include up to 
40 percent by weight or even more of the pyretfiroid. 
Ordinariiy the comiios 1 t J oris contain .»t least about f) 
pc rcc-nt . 

*1IIAI>K MAWK - a - 
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of pyrethroidi since lesser amounts thereof result in 
products of unnecessarily low insccticidal activity. 
Preferably the microcapsule compositions contain from 
nbout 5 to 15 percent (by weight) of pyrcthroids, 

Sui table biologi cal synergists for 1 nclusions in 
the liquid fill generally have little or no insecticidal 
activity by themselves but significantly increase the 
inscccicidal activity of the pyrethroids when combined 
therewith. A variety of synergists are useful in com- 
positions of the present invention. Representative 
examples of these synergists are given on padres 196-197 
of I'yrcthrum the Np.tural I n»ec t ic i dc , edi t ed by John E. 
Casida^ Academic Press, New York and London, 1973* Among 
the preferred biological synergists are the piperonyl 
alkyl ethers such as 3 , 4 -me thy lcnedioxy-6-propy Ibenzy 1 
but y 1 d i ethyl enc glycol ^tM*?r (also known as piperonyl 
butoxide), commercially avallfiblc under the trade desig- 
nation *'liu tac i de*'* (*rom Niujjra t*hemical Division of KMC 
Corp. and N- ( ;i -ethyl hcxyl ) -b i eye- lo 2.2.1 -5-hcpt ei^e-2 , 3 
d icarbox i nidc commercially available undrr the trade 
designation •'MGK-26-4" from the Mcl.av:ghlin Cormlry King 
Co, of Minneapolis, Minnesota. 

The shell stabilisers that are includes as an 
integral part of tiie shell w/: 11 have log molar extinc- 
tion cocrficicnts of from about 2 to 5 with respect to 
radiation hiavi ng wave lengths of from nbf)ut 270 to 350 
nanonctfrrs but only mlnlm/tl atjsorption in thf» visible 
portion of the wpcctrum. The »hell stahilij.ers are 
r^'^mf c al ly and/or [)hy h 1 cochem 1 c*a 1 1 y bottdod or !icld 
in or on the nhell wall thus forming an integral p(»rt 
thrrrof, Ihr fjartlcular 
♦lltADK MAIIK 
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type or shell stabilizing compound used will dtvend upon ; 
\ the nanner In vhlch It Is Incorporated as vlU become 

1 clear. Thus vhen the shell stabilizer Is chemically bonded j 

' In or on the shell wall It will Include one or more photo- . 

5 stable ultraviolet light absorbent moieties (R') and one i 
or r.ore groups reactive with isocyanate or amine (Q). | 
; Thus n' r.aj- include, for exanple, benzophenone. substituted : 

I benzophenone, benzotrlazcle, phenyl salycllate, etc. j 

1 ' groups. When Q is reactive toward isocyanate it will con- ; 

I 10 tain active hydrogen (e.g. Oll^present In prloary. secondary. j 

! or tertiary alcohols. -NHj. -CNHNHg. -CNH^. -SO2NH2, I 

I _CK-KOH, etc.) When Q Is reactive towards amine it will j 

j contain acidic groups having a dissociation constant of at ; 

I ' least about 1 x 10"^ and Includes among others, carboxyllc | 

and sulfonic acid groups. A preferred class of shell j 
stabilizers comprises substituted benzophenone sulfonic < 
aclrts, particularly 2-hydroxy-li-methoxybcnzoFhenone-5- i 

sulfonic acid. i 
CoF.pounds suitable as the shell stabilizers that \ 
are phy sicocheaically held on the shell wall include Inter- 
I polymers of vinyl compounds and unsaturated dlcarboxyllc 

I acids reacted with hydroxybentophenones (such as those 

1 described In U.S. Patent No. 3,393,990) and inorganic sols. 

I e.g. sols of Fe203. Cr^O^, TIO2, AI2O3, etc. 

The shell stabilizer r.ny coniprlse from about 0.5 
to 20 percent by weight of the microcapsule conposltlon. 
Preferably It conprlscs from about B to 10 percent by 
weight of the microcapsule composition. 

Suitable water irw.leclble orpanle solvents for 
use in the ' VqultJ fill Include a wide variety of materials 
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conventionally employed In Insectlcidal formulations. 
Preferably the solvent ia inert, that lo, It Is incapable 
of undergoing chemical reaction with the pyrethroid or 
any other canponents of the fill under ambient storae:e 
5 or end use conditions. Also, the solvent is, prefei*ably, 
one that will not be harmful to the environment in which 
it Is used. 

Representative examples of organic solvents 
u-i-eful in the liquid fill include liquid aliphatic hydro- 
10 csrbons such as pentane, nonane, and decane and their 

analogs and liquid aromatic hydrocarbons such as benzene, 
toluene, xylene, etc. Commercially advantageous liquid 
hydrocarbon products useful in the liquid fill include 
oils produced from the distillation of coal and the 
15 distillation of various types and trades of petroleum 
stocks. Representative examples of these oils include 
kerosene, liquid paraffin, paraffin oil, light mineral 
oil and white mineral oil. Still other solvents useful 
in the liquid fill include aromatic and aliphatic esters, 
20 hicher aldeiiydes, and hir^her ketones. An especially pre- 
ferred organic solvent for use in the present invention 
deodorized kerosene. 

Suitable polyisocyanatcs for use in the presen 
invention have an Isocynnate equivalent weight in the 
25 range of from about 70 to ^00, and may be r^iprescnted by 
the general formula R(KCO)^ wherein R is alkyl, cyclo- 
alkyl, aryl, aralkyl or alkaryl and.n may be as high as 
10 but ia preferably 2 to 3. A preferred sub-class are 
those containing 2 isocyanate groups. The poly Isocyanat 
30 are outs t ant ialiy Insoluble In water but arc readily 
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.oluble in the solvent used in liquid rill. Repre- 

sentative exn^nplcs of polyisocyan«tcs useful in the 
preset invention include hexnmethylene diisoc>anutc. 1. 
4.cyclo-hexane diisocyante. ™ethylene-bis-4 .A'-cyclohexy- 
UsocvoMute. isopropylidcno-bis-4.4.-=yclo;.cxyllsocyonate. 
diner diisocyanate (an isccy.natc of the fonnul OCN-D-NCO 
wherein D is a C3, aliphatic nolety and is co^nerclal ly 
available as "DDI- fro.n Gener-a Mills), .ethane diisocyan- 
ate. and isophoronc diisocyanate. Representative examples 
of still other useful poly isocyanales include .-phenylene 
diisocyanate. minuter, of tolucne-2 .4-di . --yanate and 
toluene-a . 6-di i socyanatc . dlphcnyl-3 .3^lmcthyl-4 .4 • - 
diisocyanate. di, .eny 1 -3 . 3 ' -dlmethoxy-4 .4 • di 1 Hocyannte . 
d i phony Ime thane-4 , 4 • d i i socyana t e . d i pheny 1 met nane-4 . 4 • - 
dinethyl -3 . 3 • -d i 1 socyanate . 1 . 5-napthalene di i socyanatc . 
,„e so-called polymeric polyisocyanatcs can also be used. 
„uch those obt..i...d by phossenation of p..lyan,. ne> . 
prepared Uy Vor,..l<icUy.i^ with aromatic .-.mines. 

Particularly useful polymeric po! yi socyana.es are the 
polynv.hylcne polyphoyl poly i sooyanates having an avera.^c 
of from about 2 to 2.H idocyanate groups per moleculc 
,„ch .-.s those sold commercially under .he trade desi«- 
...tions "Mondur"* MH and MRS. (avalla.,le from Mohay 
CO.). l ists of comr,..rclally available polyis.>cy«nate^ 
„Pc found m Kirk and Othmer. Fncyr 1 -.p.d i a rr fhemical 
l,.,- ,u.ol.>^- . vol. U'. 2nd Ed., pp. 46-47. . n. ersc ience 
,.,.„,. ishers (19f.7). and ,^ppendix A of Saunders and Kr.sch 
.■,.1v.,r...h.w.rs - .-h-m.Mrv --nd 1 cchnol osi,v . '•"'•I L '>'<«'>'- 
HCX-nce publishers. Nck Vork tlV.62): and the ,.oly. socy- 
anatc materials .herein descrihed can he used in Ihis 
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Preferably the polylsocyar.ate comprises from 
about 5 to 20 percent by weight of the microcapsule coti- 
posltion. An erpeclally preferred polyisocyanate is 
"Mondur" MRS, a poly (methyleneph'>nylene Isocyanate) 
having a molecular welghn of about 380 and an average 
Isocyanate equivalent velght of 133 (thus containing 
about 2.6 isocyanste groups per molecule). When "Kondur" 
MRS is used at least a part of the water immiscible 
organic solvent is aromatic. The biological synergists 
(e.g. plperonyl butoxlde) are aromatic in nature and 
thus may serve as the aromatic solvent. 

Suitable polyf unctional amines for use in the 
present invention have at least two primary or secondary 
amine groups per molecule and have an amine equivalent 
weight in the range of from about 30 to iiOO. Additionally, 
the polyfunctlonal amines are readily soluble in water 
and preferably are substantially Insoluble in the solvent 
used In the liquid fill. Generally they are selected as 
water soluble per se. However, they may also be selected 
as the water soluble salts thereof. Useful polyfunc t Icnal 
amines include aromatic and aliphatic amines. The aromatic 
amines preferably contain only hydrogen, carbon, nitrogen, 
and oxygen and the primary or.ine functions are preferably 
bonded directly to 6-memtered aromatic carbocycles therein. 
The aliphatic amines preferably are hydrocarbon amines 
containing up to about 36 carbon atoms. Representative 
examples of useful polyfunctlonal amines Include ethylene 
diamine, diethylene triamlne, tetraethy lene pentamlne, 
hcxametnylene diamine, pentaethy lene hexamlne, polyethylene 
Imine, 2 , 2 • -d iamlnodlethy lether , . 1 , ^i-d lomlnocyc lohexane , 
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phonylcnc diamines (especially m-phenylene diamine), 
toluene diamine, and melamine. Other amines of the type 
described are known to the art and are also useful in 
the present invention. Preferably the pol y func t i onal 
amines conprl<^o from about 1 to 10 percent by weight of 
the microcapsule co.nposi t i on , 

Antioxidants may also be included in the liquid 
fill to minimize the degradativc effects of oxygen by 
inlnbitins the formation of hyperoxide groups and their 
subsequent decomposition into nlkoxy and hydroxy radicals 
in the compositions to be protected. Pi eferably the 
antioxidants do not exhibit any substantial chemical 
reaction with the isocyonate und primary amine groups 
of the r.hcll forming compounds during the mijroencap- 
sulation process. A variety of antioxidants are useful 
in compositions of the prer-ent invention. Representa- 
tive examples include alkylated phenols such as 2,6-di- 
t-bulyl cresol. 2 , 2 ' -me t hy lene bis ( 6-t -butyl -4-met hyl 
phenol). 2,2»-thio bis ( 6- t -buty 1 -4-me t hy 1 phenol), 
pentaerythritol tetrnkis 3-( 3 , 5-di -tert butyl-4- 
hydroxyphenyl ) propionate, octadecyl 3- C 3 ' , 5 ' -d i -t - 
butyl-4'--nydroxyphcnyl) propionate commercially uvail- 
ablc under the trade designir.ion of "Irganox 1076"* from 
Ciba Ccigy Corp., etc.; thioesters such «s dilauryl thio- 
dipropionate. dimyristyl thiodi propionate : and phosphites 
such as tris (nonphcnyl phosptUte). The antioxidants 
preferably comprise up to 10 percent, and more preferably 
from ab^Hit O.Ol to 2 percent, by weigiU of the micro- 
capsule romposltion. 

Stiltablc fili stabili/.ers absorb ultraviolet rad- 
iation in the ransc of ahout 27O-150 nanometers and 
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convert It to a h«nnl«8 form. They have a high absorption 
coefficient In the near ultraviolet portion of the apectrum 
(e.g. a log Dolar extinction ooefficlent of from about 2 to 
5) but only minimal absorption In the visible portion of 
the spectrum. Preferably they do not exhibit any substan- 
tial chemical reaction with the Isocyanate groups and 
primary amine groups of the shell forming conpounds during 
thr microencapsulation process, ^-nong the compounds which 
can be used as fill stabilisers ero substituted benzo- 
phenonea such as 2 ,U-41hydroxy benzophenone. 2-hydroxy-1- 
oethoxy benrophenone. 2-hydroxy-».-octyloxy benrophenone. 
etc.; the benrotriatoles such as 2-(2-hydroxy-5'-methyl- 
phenyl) ben.otrlarole. 2-(3' .5'-dlallyl-2'-hydroxylphenyl) 
bentotriatole. etc.; substituted acrylates such as ethyl 
2.cyano-3.3-diphenyl acrylate, 2-ethylhexyl-2-cyano-3.3- 
dlphenyl acetate, etc.; salicylates such as phenyl sali- 
cylates, 5-butyl phenyl salicylate, etc; and nlclcel 
crganlc compounds such as nickel bis (octy Iphenol) sulfide, 
etc. Additional examples of each of these classes of fill 
slabllizers nay be fou.-^ -n Kirk-Othmer. F-neyclopedia of 
r^.n-.lral Technolcrj^ . -Second Edition. VoW 21. Inter- 
science Publls.-'^rs (1970). The fill stabilizer, may c«=- 
prise up to 5 percent, and preferably from about 0.01 to 
2 percent, by weight of tho microcapsule cooposltlon. 

.. The sustained release characteristics and 
insect icidal lifetime of compositions of the present 
invention are determined by measuring tt elr biological 
activity, that by determining the percentage of house- 
flies ( Musca dome^tic a) that are knocked down after various 
lengths of exposure to the composition. As the biological 
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. inaectlcld« decrea.e.. more exposure time 

to o..aln a S^ven pe.cen. .oc.o.. 

Knockdown Is defined 

lied kicKins and spinning motion or sporadic 
.uncontrolled kiCKins little 
e..ppled and unsucceseCul attempts at cra-Uns 

. or no takeoff or fUght. ^,,^_ined by means of 

Biological activity is detemlned 

insecticide cooposltlon I. exp 
the bloassay test, opecamc 

t.^*- fO 95 liter) Glass con 

:r ::r:rr:::.: .... ... 

ni*»a knocked down 
, .n ^ days old. The percentage of fUes kn 
2 to 5 day- oia BpeclKcT.s 
after 1.. 3C and 60 .mutes of exposure to 

IS then r.cordod. „^ulated ty coating the 

Outdoor conditions are simulated 

. se rested onto €2.5 cm x "S-B 

insecticide cor.posltlon to .e ,cst 

rnir and olr drying them at aoo 
cn Sheets of polyester flln and 

, to 21. hours. Polyvinyl alcohoJ U« P 

c or less by velrMJ , . ,4^y,t '"or 

».ecl..ns are then exposed to ultraviolet Uhto 

, .hs of tine m the -nvelenr.th ranr.e of fro... 
varyir.g le.vAhs of ^^^^^^^ 
about 270 to about 1:00 nanor.eters enltted 

„ The sun lamp Is positioned 

Electric 275 -att oun lar.p. ^ 
a.out .a c. a.ay fron the speclr.ens. resulting. 
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of the insecticide coaposltlon to a surface temperature 
of 30-iiO»C. and to light having an Intensity of frcn 
1800-2200 elcrowatta/Bquare centlr.eter. (Light Intensity 
of about 1100 microwatts/square centimeter Is available 
outdoors on * clear, sunny suaner day at U0» north 
latitude.) 

It has been found that when tested according to 
this procedure, mlcrocapoule compositions of the present 
invention that have as little as about 0.007 r« of pyre- 
throld per square centimeter of polyester and as little 
as about 0.005 mg of shell stabiliser per square centi- 
meter, have long-lived Insectlcldal activity. 

The following exanples are meant to further 
Illustrate, but not IKilt, the present Invention. All 
fornulae are given In parts and percentages by -eight 
unless otherwise noted. 

EXAKrLE 1 

3G.7 parts of a 20S by weight solution of 
naturally occurrinp. pyrcthrolds In deodorlied kerosene 
<"PreialuR Pyroclde 175"), 36.7 parts of biological 
cynerglst (plperonyl butoxlde), 0.73 parts of fill 
atablllter (ii-<lode;yloxy-2-l.ydroxybenrophenone) , 0.73 
parts of antioxidant (2 ,6-dloctadecy l-P-cresol) and 1^.6 
parts of polylsocyanate ("Kondur" KHS) are mixed to form 
a liquid nil coeposltlon. 

A water solution is prepared by adding 51 parts 
or 17X aqueous polyacryUc acid to 1500 parts of water. 
The resulting solution Is adjusted to a pH of about 7 to 
with to parts of Ui codlun hydroxide. 
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Tne U.uU nil (includlns the poly l30cyanate) Is then 
.,.pe.3.. U,e -o.er .oluUon In a nUer (a -Di.pcr,ator" • 
.vallate fro,. U.e Premier Mil Corporation) operate, at 3000 
rp.. Alter . nlnute, of nixinc. L". P3'-t. of polyfunctional 
o.ue (.etraeu,ylene .enta..lne) are added over approx Inately 
^ , ,nlnute3. T..e rc.uUin. ulxt.re i, allowed to react for 
nve .mute, at roo. temperature (approximately 20OC.) at JOOO 
r,.. -..lie tne .Icrocapaulc anoll well, for-n. A ,nell 
stabilizer (.J.0« part, of 2.hydroxy.«.=.ethoxy- 
.enzopnenonc...,uironl= add) U a.ded to the dl,per,lon of 
.„tcrocap,ulc5 over a 2 .Inute period and reacted -1th the 
.vaiuole a:nlnc .roop, oC.tI.e M,eU wall. TI.e reaction ta.e, 
3-, .mute, .nd .oc, to completion. The pM o' the composition 
.aln.alned at 7-; t>y the .ddltlon of ,odiu. hydroxide. 
:.,e resulting co=.po,ltlon co..prl,e, ;nlcrocap,ule3 
OO-i. nicron, I : dio.ne.cr) each navln. a poiyorea ,hell 
concal.v,.. a pMoto,ta.le ultraviolet i Unt ah^or.ent compound 
(. M,ell staonucr, -o integral part thereof and a ll.uld 
rui co.,pri,ln, a natural pyrethrold. on organic solvent, a 
.1010,1=01 ,yner,l,t. and antioxidant, an. a photo,table 
.Uravlolet U.-.nt a.,or.ent co-pound Ca fill nta.lUzcr). The 
.o.po,Ul.n 13 t.en coated onto polyester, a, described above. 

three different ooatln« -eUhts. The first coatln. has a 
„..t:.,rold concentration, of O.,0. ™./c™^ and a shell stabiliser 
concentration of 0.077^. =../c«^ on the polyester. The second 
.oatln. ...a, a pyretnrold concentration of 0.10. ../c-.^ ond a 
snell 5LabiUicr conc^niral Ion ^.f O.WO .r>^/c . 
pyrcLMroM concent rut i on ot O-Jii -^l-'^--^ 
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.tablUter concentration of 0.29«> «8/c»^ on the polyeater. 
The eaaples are then tested for >,lologlcal activity both 
initially and after exposure to 88 hours of alaulated . 
outdoor conditions. In all Instances, each sample knocks 
down 100 percent of the houseflles within 15 minutes. 

The unencapsulated llQuid fill used iu this 
example is coated onto polyester to a pyrethrold concen- 
tration of 0.22 m,./cm2. i. tested .'or biolORlcal 
activity both initially and after 30 hours of exposure to 
slmuUted outdoor conditions. It Initially knocks down 
lOO percent of the houseflles within 15 ninutes initially 
. but after 30 hours of exposure to slnuJated outdoor con- 
ditions, it knocks down 0 percent of the houseflles within 
60 minutes. 

A microcapsule Insecticide coo^positlon sinllar 
to the abovc-describcd microcapsule cocposltlon but con- 
taining no .hell stabilizer 1= coated onto polyester to 
a pyret?xold concentration of 0.11 mr./co^ . The sample is 
tested for bloloelcal activity both initially end after 
exposure to 39 hours of simulated outdoor conditions. It 
inltlslly has 100 percent knockdown of the hous-^flies 
within 15 omutes. After exposure to 39 hours of simulated 
outdoor conditions, it knock, dcwn 0 percent of the house- 
flies within 60 minutes. 

EXAMPLE 2 

30.8" parts of pyrethrold solution ("Prenlum 
pyrocide 175'). 30.8 parts of biological synergist 
(plreronyl butoxide). 0.7 pa.-ts of flU otatlUzer 
dodccyloxy-2-hydroxybcntophenone) and 0.7 parts of 
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I ' 1-1 

;r C- a.Uoxldant (2,6-dloctacJecyl-p-cre.ol) are mixed tc form a ; I 

J U^uid riU conposltlon. 12-2 P^rt. of polylsocyana.e 

("Hondur" MRS) are addod to the fill. 
\ A water solution 1. prepared by adding SO parta 

5 ■ of m aqueous polyacryllc acid to 1500 parte of water. 

The ro.ultlns Bolution la odjuated to a pH of about 7 to ' 
9 with 60 parts of IK sodium hy-roxlde. '; 

The llQuld fill (inrludlns the polylsocyanate) ! 
IS then dispersed In the vate- solution In a 'Dlspersator" \ 
operated at 3000 rpn. After 5 «lnutos of nixing. 2-5 j 
parts of polyfunctlonal a»lne (tetraethylene penta-lne) \ 
are added over approximately 2.5 minutes. The resulting | 
mixture is allowed to react for five ninutes at room 
temperature (approximately 25''C.) at 3000 rpm. while the | 
15 clcrocapaule shell walls form. j 
A modified amine Is prepared by reacting 15 i 
p:irts or a shell atafclUter (2-hy<5roxy-U-methoxybenzo- 
phenlne-S-sulfonlc acid) and 7-3 part. of trlethanolanlne \ 
in UO parts of water at about 25»C. for 5 minutes. The \ 
modified anlne Is then a.'.ded to the nlcrocapsule compo- [ 
sltlon and mixed therewS - for about 5 minutes until It . 
coats the microcapsule sh wall. 

The resulting composltlor. co«.prlse8 microcapsules 
(1-30 -rlcrons In dlaneter) each having a polyurea shell 
having a coat^.n.^ with a shell stabUUer phy slcochemlcally 
attached thereto, and a liquid fill comprising a natural 
pyrethrold. an organic solvent, a biological synergist, 
an antioxidant and a fill stabillter. The composition is 
then coated onto polyester, as described above, to a pyre- 
' 30 throld concentrftt Ion of 0.179 ng/cm arw 

[ 2 1 

\ concentration of 0.2»»8 mg/cn . j 

i 

.20. i 
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The composition Is t-atcd for biological 
activity Initially and has 100 percent knockdown of the 
houBcflles within 15 nlnutea. After exposure to simulated 
outdoor conditions for SO hours, It provides 100 percent 
knockdown of the houseflies within 15 ninutes. The compo- 
sition is then stored at room temperature (e.g. 25*C.) 
for 19 days in a glass Jar with some of the storage being 
under normal room fluorescent lighting and some of the 
storage being in the dark. After this ctorage, the compo- 
sition provides 100 percent knockdown of the houf-eflies 
within 15 minutes. The composUlon is then exposed to 
simulated outdoor conditions for an additional 16 hours 
(making a total of 96 hours of exposure to simulated out- 
door conditions and 19 days of room temperature Jtorage) 
and provides 100 percent knockdown of the houseflies 
within 15 minutes. The composition is then stored at roocn 
ter.peraturc for an additional l£5 days (maklnK a total of 
96 hours of exposure to almulattrd outdoor conditions and 
ISU days of roon temperature storage) and provides 100 
percent knockdown of the houseflies within 15 minutes. 

KXAMPLE 3 

A microcapsule insecticide composition according 
to the present Invention Is prepared according to the pro- 
cedures ua .-d In Example 3. The liquid fill comprises 22.1 
parts of pyrethrold solution ("Prenlun Pyroclde"), 22.1 
parts of biological synergist (plperonyl butoxlde), 0.'»5 
parts of antioxidant (2,6 diectadecy 1-p-cresol ) , O.'iS parts 
of fill stablliter ( <5-dodecylor.y-2-^iydroxybenrophenonc ) . 
9 parts of po ly isocyanate ("Kor.dur* MRS) are added to the 



tout J-* 



riU. T.e liqulU nil. includlns U,e pol y I >ocyanate . 1> th«n 
Ot.p.r.e. in U,e -a.er solution anU 1.3 part, of polyruoctlonal 
a,nlne arc aO.ed. After the formation of t,.e ^hcll. the 
ro,uUl... microcapsule, are filtered fro. the -ate. phase. The 
riUer ca.e then diluted with a.out U^.O .art, of water and 

part, or Fe^O, aol Ci-ii by weUht co:n.nerclally 

.v^lla.le under the tradename "LN-,331- fr- Nalco Che.lcal 
CO ) arc added to the Microcapsule composition and nUed 
..ere-ltl. for aoout , n.lnute, until It coats the microcapsule 
snel I wal I • 

The resulting composition comprises microcapsules (1-«0 
.Uron, in Ula.cter) each navlns a polyurea shell having a 
coatihi with a Shell staMlUer physlcochemlcally attached 
t.e^et,. and a lUuld fill co.prisln* a natural pyrethrolJ. an 
or.an..- solvent, a .lolo.lcal synergist, an antioxidant, and a 
nil stn.ilizer. The composition is then coate. onto 
,.l,03ter. .s described aU.ve. to . pyrethroid concentration of 
.,/c«^ and a shell staOllUer concentration of 0.'.) 

rhc composition iS then tested for hlolo.lcal activity 
.oth initially and after exposure to GO hours of simulated 
....=or conditions. Tne composition initially ha, 100 percent 
...cKdo-n of the nouscflle, -Itn.n 10 .mutes. It provides 100 
percent .noc.do.n of tne nousefli.s -ithln 60 minute, after 60 
nous of exposure to simulated outdoor conditions. 

fclXAMPti" " 

A microcapsule insecticide composition according to the 
present invention is prepared .c.ordln* to the 
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proceciure- u,ed In Example 1. The llQUld rill conprlaes 
37.8 part« pyrethrold .olutlon '."Premium Pyroclde . 175" ). 
37.8 part- biological synergist (plperonyl Dutoxlde). 
0.8 parts fill stabilizer (2-hjdroxy-'.-methcxybento- 
phenone) and 0.1 parts antioxidant (octadecyl 3-(3'.5'- 
dl-t-butyl-'.'-hydroxyphenyDproplonate). Eight parts of 
polylsocyanate ("Mondur" KHS) are added to the llQuld fill. 
The llQuld fill, mcludlne the polylsocyanate. Is dis- 
persed m the water solution and 6 parts of polyf unctlonal 
amine (tetraethy lene pentamlne; dissolved In parts of 
vater are added drop-lse over a 2.5 minute period. After 
the fonnatlon of the shell. 9.3 P^t» of shell stabUlrer 
(2-hydroxy-i.-methoxybentophenone-5-»ulfonlc acid) In 31 
parts of water are added drop-l.e over a 2 nlnute period. 

The resulting exposition comprises micro- 
capsules (8-15 microns In diameter) each haying a polyurea 
Shell containing a shell stabilizer as an Integral part 
thereof and a UQuM fill conprlslr.g a natural pyrethrold. 
an crpanlc solvent.- a biological synergUt. an antl- 
oxidant and a fill .tabUUer. The composition is then 
sprayed onto a 100 micron thick circular sheet of poly- 
ester fim measurin.; 57 square centimeters In area. The 
concentration ot pyrethrln Is 0.0575 rW- The concen- 
tration of second photostable co« .ound Is 0.009 ns/c* • 

The composition is.test.d for biological activity 
ag.mst Ceman coc^croaches both Initially and after ex- 
posure to simulated outdoor conditions for l6 hours. The 
sprayed test sample is placed, on « flat surface with the 
sprayed old- up. A test cylinder measuring-. 7.5 centlmeter- 
in height by 0.52 cn in diameter is placed over the test 
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ooir.ple. The Interior walls of the test cylinder Rre 
coated with petroleum Jolly followed by talc. Five 

i 

Cernan coclcroaches that have been starved for one week j 
are placed into the test cylinder and their knockdown Is ; 

5 observed. The cocipoaltlon initially has 100 percent 1 

I 

knockdown of the cockroaches within 20 minutes. The j 
conposlcion has 100 percent knockdown of the cockroaches ! 
within 30 minutes after exposure to simulated outdoor 
conditions for 16 hours. When nor.encapsulated pyrethrold 
IQ compositions are subjected to l6 hours of simulated out- 
door exposure » they have OS knockdown of the cockroaches 
within 30 minutes. 

EXAMPLE 3 j 

* 

The outdoor photo and thermal stability and j 
15 veatherabillty of the composition of Example 2 Is measured. j 

Samples of polyester film are coated to a pyrethrold con-- ! 

2 

centratlon of 0.102 mfr./cm and a shell stabilizer concen- i 

I 

tratlon of 0.10? mg/cn^. The samples are exposed to direct ' 

summer sunlight (Intensity of about HOC mlcrowat ts/cra^ ) , 

20 at an air temperature of from 2ti°C. to 3?'*C. and are tncn . 

tested for biological activity both initially and after a ! 

total outdoor exposure to direct sunlight of hours. • 

The composition provides 100 percent knockdown of the files : 

within 15 minutes. In both cases, " ! 

25 EXAHPLE 6 

A microcapsule Insecticide composition accordlnf; 
to the invention is prepared as described In Example 1. 
The liquid fill comprises It .2 parts of pyrethroii solution 
("Prc:zlum Pyroclde 175"), Id -2 parts of blolORlc^il synergist 

.2J»- ! 
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(piperonyl DuLoxlde), 0.7 parts of fill stabilizer 
(ii-jQdecyloxy-2-hyiJroxyDen2o?heiione) , and 0.7 parts of 
antioxidant ( 3 , 6-dloctadecy l-p-cresol ) . l«-5 parts of 
polylsocyanatc ("Mondor-"* MK3) are added to the liquid fill. 
Tne liquid fill, includlnj the ^;ol y Isocyonate , is dispersed in 
the water solution and 2.9 parts of poly functional amine 
(tetraethylene pentamlne) are added over a five minute pelod, 
.After the formation of tne shell, 3.9 parts of shell stabilizer 
(2 nydroxy-^-tnethoxy-benzophenone-5-sulfonlc acid) are added 

over a 2 minute period. 

The resulting composition comprises microcapsules (1-30 
nlcrons in alaioeter) each having a polyurea shell contalnln;; a 
Shell stabilizer as an integral part thereof and a liquid fill 
coaprislng a natural pyrctriroid, an or(;anic solvent, a 
biological synergist, an antioxidant and a fill stabilizer. 

Sustained roleas*? properties of compositions of the 
^resent invei.tlon ;jre demonstrated by deposltln;; l!> parts of 
the dispersion of tnis exaiaple on each of two No. 0 -What:nan"» 
filter papers and uashlnR one of th^ samples with five 
successive portions of wjter CjOJ parts each) to re-nove the 
pyrctnrold from the surface of the capsules. Kach wash Is 
tested for the presence of pyreturoid by :ncan3 of ultraviolet 
spectroscopy. The absence of pyrethrolJ is discovered in- the 
f : J* tM wd sh Ln^t , 

The washed Jn:i unwashed samples are .lir dried for 3 
Mours dt 23°. and tiien tested for blolo»;lcal activity. 
i:.jv:i sa-Tiplcs rcnockdown 90t or raorc of the ..;uiefltc3 within 
\-j :iLnul.c3 anO \C0 pcrotrnt Of t(te flics within 33 
xlr.jtcs. This illustrates that tne shell wall Is 
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pcmcable to the liquid ilH thereby allowing it to 
migrate to -he outer surlace thereof und maintnin un 
effective level of insecticide thereon. 

EXAMPLE 7 

A microcnpsulc insecticide composition nccordinR 
to the invention is prepared as described in Example 1. 
rhe liquid fill comprises 36.8 parts of synthetic pyre- 
thrdid solution ("SBP-lGeS^ ^ > . and 36.8 parts of biolog- 
ical synergist (piperonyl butoxide) . 14.64 parts of poly- 
isocyanate ( ••Mondur"*MRS ) arc added to the liquid fiU. 
The liquid fill, including the poly i socynnale . is dis- 
persed in the water solution and 2.94 parts of polyfunc- 
tional amlpc ( tcrtrnethylenepentamine) are added over « 
fiveminute period. After the formation of the shell, 
8.82 parts of shell stabili^^cr (2 hydroxy-4-mcthoxy benzo- 
ph.none-5-suironlc ..cid) are added over a 2 minute period. 

The resulting composition cor-prises microc apsu U:; 
(1-30 microns in diamol.r) each having a polyurea shell 
containing a shell MabiU...-P as «n integral part thereof 
and a liquid fill comprising a synthetic pyr.Mhrold. .m 
organic ^►ivent and a biological synergist. .he composi- 
tion is coated onto polyester film to a pyrethroid con- 
cent. atlon of 0.12 r.,g/cm= and a shell stabill.-.er conccn- 
tration of o.074 mg/cm^ . The composition is tested for 
l.lological activity both initially and after 15 hours of 

77) S svnt.-rth-tic pyrethroid conmrr.ially available from 
-K and CO. f.f Nrw York. New VorU and conpr.sing 

C.-ne.hylpropcnyDcyrK.propane-carl.oxvl.tc a.Hl oO^ .> 
weight aromatic petroleum hydroc. rb>«H . 
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p„v:d« 100 percent Knockdown or ^.ueefHe. wUhln 15 
«,nu-,. It provides 30 percent .nocKaown or ^cusefUe, 
w.tMn 6- .lnut« after exposure to slnulatC outdoor 

con.Ulon» Tor 15 hours. Unencapsulated synthetic pyre- 

,^old co«por-.tions have no MoXoelcal activity (e... 

...oCdcn) arter T hours or exposure to sinuXated outdoor 

-onditlonn. 
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The embodlnents of the Invention In which an 
exclusive property or privilege is claimed are defined as 
follows: 

1. A microcapsule insecticide composition com- 
prising microcapsules each having: a polyurea shell 
Including as an integral part of said shell a photostaDle 
ultraviolet light absorbent compound having a log molar 
extinction coefficient of from about 2 to 5 «lth rcapect 
to radiation having wave lengths in the range of from about 
270 to 350 nancffleters and a liquid fill capable of alowly 
permeating the chell and comprising a pyrethroid and a 
biological synergist therefor. 

2, A composition according to claim 1 containing 
a benxophenone substituted with an acidic group having a 
dissociation constant greater than 1 x 10'^ or a bento- 
phenone substituted *.:th a group containing at least one 
active hydrogen as an integral part of said shell. 



1 
2 

3 

k 

1 
2 

3 



3. K ccxposltAon of claim wherein aald ac'd- 
substltuted bentophenone is 2.hydroxy-»»-inethoxybentophenone- 
^.sulfonlc acid or where aaid bentophenone containing at 
least one active hydrogen is 2 amino- S-chlorobentophenone . 

U. A composition according to claim 3 wherein 
said biological synergist comprises 3 , ti-methy Xenedloxy- 
6-propy Ibenty 1 butyldlethylene glycol ether. 



28 



5. A cocapoaltlon according to » lftt« a 1 w 
further containing an antioxidant, a water-!nml8clble 
organic solvent and an ultraviolet light absorbent cooi- 
pound having a log molar extinction coefricient of from 
about 2 to 5 with respect to radiation having wave lengths 
in the range of from 270 to 350 nanocetcrs in said liquid 
fill. 

6. A ccnposltion according to claijn 5 where n 
said antioxidant ccwprlses an alkylated phenol. 

7. A ccaposition according to cxaim 6 containing 
octadecyl 3-(3' ,5'-dl-t-butyl-^*-hydroxyphenyl)proplonatc 
in said liquid fill. 

8. A composition accoriirig to claim 7 wherein 
said water- iianlsclble solvent Is deodorlted kerosene. 

9. A composition according to claim 8 mi -rein 
said ultraviolet light absorbent cocpound is a benrophenone . 

10. A composition accordirj^. to clala 9 wherein 
said bencophenone Is s-hydroxy-l-ne thoxybentophenone . 

11. The method of corlrolllng insect pest activity 
cotnprislng contacting said insects with a nlcrocapsule 
Insecticide composition comprising microcapsule* each having 
a polyurea shell Including as an Integral part of said shell 
a photostable ultraviolet light absorbent compound having 

a log molar extinction coefficient of from about : to b with 
respect to radiation having wave lengths in the range of 
frcjQ About 270 to 350 nanoceters and a liquid fill capable 
of slowly per.xating the shell arxl comprising a pyrethroid 
and a biological synergist therefor. 



